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Background: Computed tomography (CT) is one of the most efficient diagnostic methods for stroke patients. The number of CT 
scanners in South Korea, however, is higher than in other countries, and may cause the overuse of this tool in healthcare. We aim to 
study the relationship between using CT and various patient and hospital characteristics among patients with cerebral infarction.
Methods: We analyzed nationwide health insurance claims data for patients due to cerebral infarction during the second half of 
2013 for up to 3 months. We performed multilevel analysis, including both inpatient and hospital-level variables, to determine how 
factors affect CT spending and utilization.
Results: The data used in our study consisted of 17,046 hospitalizations at 583 hospitals. Inpatients who visited more than one hos-
pital had higher CT utilization numbers and cost (number: ≥ 3 hospitals: β, 2.27; p < 0.05; 2 hospitals: β, 0.70; p < 0.05; cost: ≥ 3 hos-
pitals: β, 251,108; p < 0.05; 2 hospitals: β, 77,299; p < 0.05). People who visited a general hospital had higher numbers and cost of CT 
utilization than people who visited a smaller hospital.
Conclusion: Increased sharing of records and improved continuity of care between hospitals are needed to help curb the overuse 
of CT.
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INTRODUCTION

Stroke is the major cause of death worldwide and causes a seri-
ous burden on both the patients and society [1]. Health care pro-
fessionals have studied the prevention, management, and treat-
ment for stroke to efficiently manage the care of stroke patients. As 
a result of such efforts, some alternatives for managing stroke have 
been developed. Among them, early detection is considered a ma-
jor alternative for managing stroke patients. Diagnoses of stroke 
are made via radiological techniques, such as computed tomogra-
phy (CT), magnetic resonance imaging (MRI), and positron emis-

sion tomography [2]. CT can quickly provide essential informa-
tion for a diagnosis of stroke; therefore, diagnostic methods using 
CT have been commonly used in many healthcare disciplines [3].

For that reason, in January 1996, the South Korean government 
included the use of CT in coverage of National Health Insurance 
Service (NHIS). Thus, many hospitals in South Korea rapidly in-
troduced CT for efficient diagnoses and to increase profits [4]. By 
the results of such changes, new problems were emerged such as 
overuse of CT. In the Organization for Economic Cooperation 
and Development (OECD) report, the number of CT scanners in 
South Korea is higher than in other OECD countries (South Ko-
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rea: 37.7 per million people, average for other OECD countries: 
23.9 per million people) [5]. Of course, the introduction of many 
superior medical devices potentially improves the quality of care 
and patient satisfaction. On the other hand, increasing the supply 
of CT scanners may also increase the number of unintended out-
come [6,7]. In the healthcare market, there are many inequities be-
tween providers and consumers, which could result in unintended 
outcome due to the overuse of CT. Many previous studies about 
health care expenditures have been performed in the past, but few 
studies related to the utilization of CT have been conducted in 
South Korea. Therefore, it is worth investigating how factors affect 
CT utilization in hospitals. We aim to study the relationship be-
tween CT utilization for cerebral infarction among stroke patients 
as reflected by patient and hospital characteristics.

METHODS

1. Study population

The data used in our study were NHIS claim data for 2013. 
Among these data, we only included in our study inpatients who 
had not used CT or MRI during the first half of 2013, and who first 
visited a hospital for CT or MRI due to a cerebral infarction (inter-
national classification of diseases, 10th revision: I63) between June 
2013 and October 2013. To conduct a follow-up study for more 
than 3 months, inpatients who first visited the hospital after Octo-
ber 2013 were excluded. These data consisted of 21,190 hospitaliza-
tions at 877 hospitals. To analyze CT utilization, we excluded du-
plicate cases and hospitals that had fewer than 10 CT cases. The 
data used in the final analysis consisted of 17,046 hospitalizations 
at 583 hospitals.

2. Variables

The outcome variables in our study were number/cost of CT use 
for each inpatient due to cerebral infarction. The cost of CT utili-
zation was included in the total cost associated with CT scanning. 
Number or cost of CT utilization was calculated as the sum of val-
ues per each hospitalization event for 3 months from the first hos-
pitalization using the following equations:

Number of CT use=  Σ number of scans per stroke inpatient for 
3 months

Cost of CT use=Σ cost of scan per stroke inpatient for 3 months

To analyze the factors related to CT utilization, we adjusted for 

both inpatient- and hospital-level variables. Inpatient-level vari-
ables consisted of sex, age, type of insurance coverage, expanded 
benefit coverage, type of healthcare, number of visited medical in-
stitutions, and types of visited medical institutions. Types of in-
surance were categorized into Medicaid and national health in-
surance (NHI) beneficiaries. Medicaid beneficiaries included gov-
ernment-covered healthcare utilization by people who could not 
maintain their lives. NHI beneficiaries were the remaining inpa-
tients. Expanded benefit coverage was defined as that which re-
duced the coinsurance rate and was applied to people with diseas-
es that are difficult to treat, such as cancer, cerebrovascular dis-
ease, cardiovascular disease, and rare disease, as determined by 
the government. The number of visited medical institutions was 
defined as the total number of all hospitals visited by each cerebral 
infarction patient for a CT or MRI scan within the study period. 
Types of visited medical institutions were categorized as upscale 
general hospital, general hospital, and hospital. If a patient visited 
more than one hospital, the types of visited hospitals were defined 
as the highest-level institution among the total hospitalization for 
each patient.

Hospital-level variables included type of ownership, number of 
beds, number of doctors, number of radiology technologists, 
number of CT scanners, number of MRI scanners, and the CT de-
preciation period. The number of beds was based on 300 beds. The 
number of doctors/radiology technologists was defined as the 
number per 100 beds in hospitals, based on 10 or 3, respectively. 
The number of CT and MRI scanners was categorized as one, two, 
or more than three per hospital. CT depreciation period was de-
fined as the amount of time from the date of purchase and catego-
rized as less than 5 years, 6–10 years, 11–15 years, and more than 
16 years.

3. Statistical analysis

We first examined the general characteristics of both inpatient- 
and hospital-level variables by analyzing the distributions and av-
erages of each variable. Next, we performed an analysis of variance 
to examine the differences in the number/cost of CT use by each 
independent variable. Also, a multilevel model considering both 
inpatient- and hospital-level variables was analyzed to investigate 
the relationship between the number and cost of CT use. Finally, 
we performed a subgroup analysis in accordance with the number 
and type of visited medical institution. All analyses were per-
formed using SAS software ver. 9.2 (SAS Institute Inc., Cary, NC, 
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USA). A p-value less than 0.05 was considered statistically signifi-
cant. Statistically significant results were indicated by bold type in 
tables or using asterisks in Figures.

RESULTS

Tables 1, 2 show the distribution or average value for each inde-
pendent variable. The data used in our study consisted of 17,046 
hospitalizations at 583 hospitals. Table 1 presents the distribution 
of inpatient-level variables. Males (55.3%) were more numerous 
than females (44.7%) in our dataset. NHI beneficiaries (90.0%) 
were more numerous than Medicaid beneficiaries (10.0%). The 
number of inpatients that used expanded benefit coverage (6.7%) 
was fewer than inpatients who did not (93.3%). The number and 
type of visited medical institution were greater than one at a pri-
marily general hospital. The average number of CT uses was 1.4, 
and the average cost was 174,545 Korean won (KRW) (average for-
eign exchange rate in 2013: 1 US dollar=1,095.04 KRW). Table 2 

shows the distribution of hospital-level variables. In our dataset, a 
smaller hospital was more frequent than other types of medical 
institutions (upscale general hospital, 7.4%; general hospital, 
45.3%; hospital, 47.3%). Private hospitals (88.3%) were more nu-
merous than public hospitals (11.7%). The number of CT or MRI 
scanners was more numerous than one per hospital. The CT de-
preciation period was less than 10 years in our dataset.

Table 3 presents the difference in the average value for the num-
ber or cost of CT use for each variable. In the number of CT uses, 
inpatients that had expanded benefit coverage used CT more fre-
quently than did inpatients without such coverage. Inpatients who 
visited the hospital more than three times used CT more frequent-
ly than inpatients who visited the hospital fewer than two times. 
Inpatients who visited an upscale general hospital used CT more 
frequently than inpatients who visited other types of hospitals. For 
hospital-level variables, public hospitals were more frequently used 
than private hospitals, and hospitals with a greater number of 

Table 1. General characteristics of the study population

Characteristic Value

Sex
   Male
   Female

  
9,432 (55.3)
7,614 (44.7)

Age (yr)
   ≤ 49
   50–59
   60–69
   70–79
   ≥ 80

  
1,248 (7.3)
2,760 (16.2)
3,644 (21.4)
5,938 (34.8)
3,456 (20.3)

Type of insurance coverage
   Medicaid
   National health insurance

  
1,700 (10.0)

15,346 (90.0)
Expanded benefit coverage
   Application
   Nonapplication

  
1,140 (6.7)

15,906 (93.3)
Type of healthcare
   Outpatient + inpatient care
   Inpatient care

  
1,817 (10.7)

15,229 (89.3)
No. of medical institutions visited
   ≥ 3
   2
   1

  
144 (0.8)

1,917 (11.2)
14,985 (87.9)

Type of medical institution visited
   Upscale general hospital
   General hospital
   Hospital

  
5,927 (34.8)
9,165 (53.8)
1,954 (11.5)

Average no. of CT scans 1.4± 1.6
Average cost of CT utilization (Korean won) 174,545± 207,084
Total 17,046 (100.0)

Values are presented as number (%) or mean± standard deviation.
CT, computed tomography.  

Table 2. General characteristics of hospitals in our dataset

Characteristic No. (%)

Type of medical institution
   Upscale general hospital
   General hospital
   Hospital

  
43 (7.4)

264 (45.3)
276 (47.3)

Type of ownership
   Private
   Public

  
515 (88.3)
68 (11.7)

No. of beds
   > 301 
   < 300 

  
173 (29.7)
410 (70.3)

No. of doctors (per 100 beds)
   > 10 
   < 9 

  
255 (43.7)
328 (56.3)

No. of radiology technologist (per 100 beds)
   > 3 
   < 2 

  
334 (57.3)
249 (42.7)

No. of CT scanners
   ≥ 3
   2
   1

  
78 (13.4)
66 (11.3)

439 (75.3)
No. of magnetic resonance imaging scanners
   ≥ 3
   2
   1
   0

  
30 (5.1)
86 (14.8)

344 (59.0)
123 (21.1)

CT depreciation period (yr)
   ≤ 5
   6–10
   11–15
   ≥16

  
214 (36.7)
283 (48.5)
65 (11.1)
21 (3.6)

Total 583 (100.0)

Values are presented as number (%) or mean± standard deviation.
CT, computed tomography.
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Table 3. The average and standard deviation for CT use by patient- 
and hospital-level variables  

Variable No. of CT scans Cost of using CT

Patient-level
Sex

Male
Female

Age (yr)
≤ 49
50–59
60–69
70–79
≥ 80

Type of insurance coverage
Medicaid
National health insurance

Expanded benefit coverage
Application
Nonapplication

Type of healthcare
Outpatient + inpatient care
Inpatient care

No. of medical institution visited
≥ 3
2
1

Type of medical institution visited
Upscale general hospital
General hospital
Hospital

  
  

1.42± 1.64
1.42± 1.62

  
1.42± 1.68
1.36± 1.72
1.39± 1.68
1.44± 1.65
1.46± 1.47

  
1.46± 1.49
1.41± 1.65

  
3.73± 3.22
1.25± 1.31

  
2.18± 2.07
1.33± 1.55

  
4.01± 3.03
2.23± 2.02
1.29± 1.50

  
1.68± 1.83
1.36± 1.56
0.90± 1.08

  
  

177,801± 209,774
170,512± 203,645

  
188,711± 223,509
169,182± 212,450
171,866± 211,291
177,109± 209,928
172,133± 185,930

  
160,306± 177,423
176,123± 210,058

  
455,170± 382,874
154,433± 171,496

  
269,613± 252,600
163,202± 197,951

  
484,503± 344,477
276,275± 250,447
158,553± 192,682

  
225,490± 238,293
158,538± 190,313
95,098± 128,958

Hospital-level
Types of ownership

Private
Public

No. of beds (beds)
> 301 
< 300 

No. of doctors (per 100 beds)
> 10 
< 9 

No. of radiology technologists (per 100 beds)
> 3 
< 2 

No. of CT scanners
≥ 3
2
1

No. of magnetic resonance imaging scan-
ners

≥ 3
2
1
0

CT depreciation period (yr)
≤ 5
6–10
11–15
≥16

  
  

1.35± 1.56
1.74± 1.91

  
1.54± 1.73
1.04± 1.24

  
1.51± 1.70
1.03± 1.22

  
1.48± 1.69
1.09± 1.29

  
1.65± 1.81
1.26± 1.47
1.10± 1.29

  
1.61± 1.89
1.58± 1.74
1.08± 1.27
1.52± 1.15

  
1.47± 1.66
1.40± 1.63
1.08± 1.39
0.97± 0.60

  
  

170,881± 202,324
191,306± 226,875

  
194,152± 219,111
115,047± 150,432

  
189,400± 217,167
110,933± 139,938

  
185,605± 214,333
120,775± 156,707

  
214,244± 233,354
152,961± 180,251
118,162± 150,301

  
212,926± 236,843
200,047± 224,139
120,450± 150,998
145,080± 128,421

  
178,461± 211,389
175,319± 206,340
103,411± 154,004
94,784± 68,429

Total 1.42± 1.63 174,545± 207,084

Values are presented as number (%) or mean± standard deviation. Bold type indicate a 
statistically significant difference between variables (p< 0.05).  
CT, computed tomography.  

Table 4. Results of a multilevel analysis considering both patient- and 
hospital-level variables

Variable No. of CT scans Cost of using CT

Patient-level
Sex

Male
Female

Age (yr)
≤ 49
50–59
60–69
70–79
≥ 80

Type of insurance coverage
Medicaid
National health insurance

Expanded benefit coverage
Application
Nonapplication

Type of healthcare
Outpatient + inpatient care
Inpatient care

No. of medical institution visited
≥ 3
2
1

Type of medical institution visited
Upscale general hospital
General hospital
Hospital

  
  

-0.03
Ref
  

-0.22
-0.19
-0.21
-0.11

Ref
  

0.12
Ref
  

2.25
Ref
  

0.08
Ref
  

2.27
0.70
Ref
  

0.08
0.23
Ref

  
  

752
Ref

  
-16,294
-22,359
-25,096
-9,976

Ref
  

4,308
Ref

  
263,941

Ref
  

10,388
Ref

  
251,108
77,299

Ref
  

8,091
21,526

Ref
Hospital-level

Type of ownership
Private
Public

No. of beds
> 301 
< 300 

No. of doctors (per 100 beds)
> 10 
< 9 

No. of radiology technologists (per 100 beds)
> 3 
< 2 

No. of CT scanners
≥ 3
2
1

No. of magnetic resonance imaging scanners
≥ 3
2
1
0

CT depreciation period (yr)
≤ 5
6–10
11–15
≥16

  
  

-0.18
Ref
  

0.12
Ref
  

0.11
Ref
  

0.01
Ref
  

0.21
-0.04

Ref
  

-0.71
-0.63
-0.67

Ref
  

0.25
0.21
0.26
Ref

  
  

26,997
Ref

  
16,212

Ref
  

9,889
Ref

  
2,469
Ref

  
43,365
7,403
Ref

  
-35,609
-40,631
-53,115

Ref
  

32,491
24,680
21,605

Ref
Total     

Values are presented as β. Bold type indicate a statistically significant difference be-
tween variables (p< 0.05).  
CT, computed tomography; Ref, reference.
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beds, doctors, radiology technologists, and CT and MRI scanners 
utilized CT more frequently than other hospitals. Inpatients who 
had expanded benefit coverage had greater costs associated with 
CT use than inpatients who did not have such coverage. Inpatients 
who visited medical institutions more often had greater costs as-
sociated with CT use than inpatients who infrequently visited 
medical institutions. For hospital-level variables, public hospitals 
had higher CT utilization costs than private hospitals. The num-
ber of beds, doctors, radiology technologists, and CT and MRI 
scanners had higher costs associated with CT use.

Table 4 shows the results of a multilevel analysis considering 
both inpatient- and hospital-level variables. Inpatients with Med-
icaid coverage had higher numbers of CT utilization than NHI 
beneficiaries (Medicaid: β, 0.12; p<0.05). Inpatients who used ex-
panded benefit coverage had higher numbers and cost for CT uti-
lization (number of CT utilization: β, 2.25; p<0.05; cost of CT uti-
lization: β, 263,941; p<0.05). Inpatients who visited more than one 
hospital within the study period had higher numbers/cost for CT 
utilization. People who visited a general hospital had higher num-
bers and cost for CT utilization than people who visited a smaller 
hospital.

For hospital-level variables, private hospitals had lower numbers 
of CT utilization than public hospitals, but a higher cost (number 
of CT utilization: private: β, -0.18; p<0.05; cost of CT utilization: 
private: β, 26,997; p<0.05). Additionally, hospitals with more than 

three CT scanners had a higher cost for CT utilization than hospi-
tals with one scanner. Hospitals with more MRI scanners had 
lower number and cost for CT utilization than hospitals that did 
not have an MRI scanner.

We also performed a subgroup analysis by the number and type 
of the visited medical institution. Figures 1 and 2 show the results 
of the subgroup analysis. The results of the subgroup analysis 
showed that both a higher number of and upscale type of visited 
medical institution had higher numbers of CT use. Similar results 
were seen with the cost of CT utilization.

DISCUSSION

Through the development of numerous medical techniques and 
devices aimed to provide better quality of care to patients, people 
are able to receive improved health care and treatment outcomes 
for serious diseases. Among the developed tools, CT has substan-
tially contributed to the treatment of serious conditions such as 
cerebrovascular disease [8]. Since 1996, the South Korean govern-
ment began to include CT in the NHIS coverage. Afterwards, 
many hospitals introduced CT to increase profits by attracting pa-
tients [6,9-11]. This resulted in an excess supply of CT scanners in 
South Korea compared to other countries [5]. While this supply 
helps provide better care, it has caused some unintended outcomes 
[6], demonstrating the need to review the policy for CT coverage. 

Figure 1. Difference in the number of CT scans by the number and 
type of medical institutions visited. CT, computed tomography. *Sta-
tistically significant difference in the number of CT scans compared 
to only one time visited hospital.
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Figure 2. Difference in the cost of CT utilization by the number and 
type of medical institutions visited. CT, computed tomography. *Sta-
tistically significant difference in the cost of CT utilization compared 
to only one time visited hospital.

400,000

350,000

300,000

250,000

200,000

150,000

100,000

50,000

0

337,186 219,162146,655 114,23072,287 32,493 40,657 -

≥ 3
(At least 1 
visited in 

upper-scale 
general 

hospital)
Cost of CT 
utilization 

(Korean won)

1
(Only 

visited in 
upper-scale 

general 
hospital)

2
(At least 1 
visited in 

upper-scale 
general 

hospital)

≥ 3
(At least 
1 visited 

in 
general 

hospital)

2
(At least 
1 visited 

in 
general 

hospital)

2
(At least 
1 visited 

in 
hospital)

1
(Only 

visited 
in 

general 
hospital)

1
(Only 

visited in 
hospital)

(Reference)

2.77

*

*

*

*

*

*

*

*

*

*

*

*

*



Choi SK, et al.  •  Computed Tomography Expenditures

보건행정학회지 2017;27(4):359-365364  https://kshpa.jams.or.kr/co/main/jmMain.kci

An investigation of how factors affect CT utilization is needed pri-
or to reconsideration; therefore, we analyzed the relationship be-
tween CT utilization and inpatient- and hospital-level variables.

The results of our study show that inpatients who more fre-
quently visited a greater number of medical institutions or who 
visited upscale medical institutions had higher CT use. These re-
sults may be caused by a disruption in the continuity of care 
(COC) [12,13]. COC for patients would positively affect healthcare 
outcomes and prevent excessive health care expenditures [14]. 
However, the current situation regarding CT utilization in South 
Korea does not effectively contribute to COC for patients. Patients 
want better quality of care and improved accessibility of health 
care, especially for serious diseases. Thus, patients often visit sev-
eral different hospitals. In such cases, better communication and 
sharing of medical records between hospitals are needed to pre-
vent unnecessary healthcare expenditures, such as repetitive CT 
scans. For those reasons, healthcare professionals and hospital 
managers must consider alternatives for activating such sharing 
between hospitals to reduce and prevent excessive healthcare ex-
penditures [15,16] for both medical records and COC. Our find-
ings also suggest that inpatients who used Medicaid or expanded 
benefit coverage had higher CT use. These results may be due to 
the relatively lower coinsurance rates compared to those for the 
general population; thus, these patients may have a better access to 
CT. Additionally, physicians might feel more comfortable utilizing 
CT when the patients have better insurance. For hospital-level 
variables, hospitals with more MRI scanners had lower value for 
CT use, possibly because MRI was used as an alternative or com-
plementary method to CT [17]. Such situations could also be used 
to control and properly manage healthcare expenditures.

Our study has several strengths and some limitations. First, we 
used NHIS claim data, which consisted of information about pa-
tients’ visits to the hospitals. Next, our study considered the num-
ber of CT scanners, as well as their cost. In South Korea, the num-
ber of CT scanners is high compared with other countries, which 
may have resulted in higher utilization than expected. Because few 
studies have examined CT utilization using claim data in South 
Korea, our findings offer an important perspective on the health 
policy. Furthermore, we performed a multilevel analysis consider-
ing both inpatient- and hospital-level variables.

Because we only considered cerebral infarction patients in our 
study, and excluded hospitals with fewer than 10 cases of CT scan-
ning for cerebral infarction, our findings are difficult to extrapo-

late to the general South Korean population. The data used in our 
study did not include details about inpatients, such as their socio-
economic status; additionally, our dataset did not include inpa-
tients at other types of medical institutions. For further reconsid-
eration of CT policy, studies using more detailed variables are 
needed. In addition, our follow-up period was only for 3 months 
during the second half of 2013. For that reason, our findings do 
not reflect the overall situation for patients. Finally, the decision to 
use CT was generally made by physicians, but our data did not in-
clude information from these healthcare providers.

Despite some limitations, our findings suggest that patients who 
visited a greater number of hospitals, especially upscale types of 
medical institutions, had higher numbers of using CT scans. 
These data may be helpful in the reconsideration of the current CT 
health policy and may help healthcare professionals and hospital 
managers decide whether to consider activating COC to help re-
duce excessive healthcare expenditures. Further detailed studies 
are needed to help investigate these issues.

Inpatients who visited a greater number of hospitals, especially 
larger hospitals, had higher CT utilization. Increased sharing of 
records and improved COC between hospitals are needed to help 
curb the overuse of this aspect of healthcare.
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